The purpose of this study was to investigate whether a reduction of the accommodative lag is possible by training the accuracy of accommodation using auditory biofeedback. Accommodation responses were measured in thirty-one young adults with myopia for dioptric target distances of 2.0, 2.5, and 3.0 D using an eccentric infrared photorefractor. For the biofeedback training, subjects were randomly assigned to an experimental (n = 15) or a control group (n = 16). Subjects of the experimental group were provided with two tones while fixating a target, one tone was related to their accommodative response and the second to the target distance. Their task was to match these tones. The control group did not receive any auditory biofeedback. Two different training methods were applied, a continuous training of 200 s, and ten consecutive sessions of 20 s each. The training effects on the lag of accommodation (change D) were highly variable. Regarding the entire study group, the observed change in the accommodative lag was greater at closer distances, while no difference between the two training methods was revealed. Nevertheless, seven experimental subjects reduced their lag by P0.3 D (3.0 D target distance: D long = À0.29 ± 0.20 D, D short = À0.24 ± 0.21 D). This reduction was also seen in two control subjects. Remeasurement revealed that the average training effect cannot be preserved over a period of 5-7 days. The current investigation has shown that the accuracy of accommodation can be trained in some subjects using auditory biofeedback for target distances of 2.5 D or closer.
Introduction
Myopia is the most common refractive error in the younger population with increasing worldwide prevalence (Pan, Ramamurthy, & Saw, 2012; Vitale, Sperduto, & Ferris, 2009; Williams et al., 2015; Wolfram et al., 2014) .
Moreover, as myopia raises the risk of serious eye diseases like retinal detachment or glaucoma, it has become a public health problem (Dandona & Dandona, 2001) , and research has been challenged to understand the mechanisms of its development and progression. The aetiology of myopia however is multi-faceted. A hint for a possible relation between myopia and near work was revealed with the discovery that an increased prevalence of myopia is associated with the intensity and the amount of time spent reading as well as the educational level (Morgan & Rose, 2005 Saw et al., 2001 Saw et al., , 2007 . One hypothesis to explain the link to near work and reading is that accommodation is insufficient at close target distances (''lag of accommodation") so that the focal plane ends up behind the retina (Charman, 1999; Gwiazda, Thorn, Bauer, & Held, 1993) . This lag of accommodation is a normal behaviour during near-vision activities. However, larger accommodative lags result in larger hyperopic defocus and could therefore be a trigger for axial elongation of the eye. It is known from animal experiments that imposed hyperopic defocus promotes axial eye growth and myopia (monkeys: Hung, Crawford, & Smith, 1995; Smith & Hung, 1999; chickens: Irving, Callender, & Sivak, 1991; Schaeffel, Glasser, & Howland, 1988 ; tree shrews: Norton, Amedo, & Siegwart, 2010; Siegwart & Norton, 1999) . Further support for this hypothesis came from findings that myopic children display a larger lag of accommodation (Gwiazda et al., 1993) . Some investigators have provided evidence against the hypothesis that a higher lag of accommodation is the cause of myopia development (Gwiazda, Thorn, & Held, 2005; Koomson et al., 2016; Mutti et al., 2006; Rosenfield, Desai, & Portello, 2002 already in 1892 that extended near work can induce spasm of the ciliary muscle (Cohn, 1892) and a recent study found that myopia may be reduced under cycloplegia, providing evidence that tonic accommodation is also present during distance vision (Ohlendorf, Leube, & Wahl, 2015) .
However, out of these trials, only two groups reported a reduction of myopia (Randle, 1988; Trachtman, 1978; Trachtman et al., 1981) , whereas all the others could only measure an increase in visual acuity.
In contrast to previous biofeedback studies, the current investigation aimed to introduce auditory biofeedback training in order to improve positive accommodation rather than inducing negative accommodation. The purpose was to find out whether the voluntary input could be used to reduce the lag of accommodation.
Methods

Subjects
Thirty-one students and employees of the University of Tuebingen (Germany) participated in the experiments. Their mean age was 23.74 ± 2.66 years. The right eyes' mean spherical equivalent refractive error was À2.06 ± 1.06 D (inclusion criteria: spherical equivalent À0.50 to À4.00 D, astigmatism 62.00 D) and the corrected distance Snellen VA was at least 6/6 (20/20) in each eye (detailed description in Section 2.2.1.). Subjects diagnosed with binocular vision disorders, ocular pathologies, or any systemic condition that could influence accommodation were excluded from the study. The same applied to subjects on medication that might affect accommodation. The study followed the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board of the medical faculty of the University of Tuebingen. Informed consent was obtained from all participants after the content and possible consequences of the study were explained.
Procedure of measurements and trainings
Pre-measurements
The objective refraction of the subjects' eyes was measured during an initial visit, using a wavefront aberrometer (ZEISS i.Profiler plus , Carl Zeiss Vision GmbH, Aalen, Germany). Subjective refraction was subsequently measured using a digital phoropter (ZEISS Visuphor 500, Carl Zeiss Vision GmbH, Aalen, Germany) and a digital screen to display the Snellen optotypes (ZEISS Visuscreen 500, Carl Zeiss Vision GmbH, Aalen, Germany). Best corrected visual acuity was measured under monocular and binocular conditions, based on the least negative correction for maximum achievable VA. After determination of the dominant eye by means of an eye sighting method with the hands forming a triangle (LopesFerreira et al., 2013) , the amplitude of accommodation of the right eye was measured by taking the mean of three readings using the push-up method (Rutstein, Fuhr, & Swiatocha, 1993 ) and a Duane's figure (Kohnen, Baumeister, & Strenger, 2008) , presented on an organic light emitting diode (OLED) microdisplay (SVGA + OLED-XL TM , eMagin, Hopewell Junction, NY, USA). The subjects' average amplitude of accommodation was 8.45 ± 1.88 D. Only the right eyes of the subjects were used for the further measurements.
Calibration of eccentric photorefractor
The accommodative response was measured using a custombuilt eccentric infrared photorefractor (Fig. 1 ) as described earlier (Choi et al., 2000; Gekeler, Schaeffel, Howland, & Wattam-Bell, 1997; Schaeffel, Wilhelm, & Zrenner, 1993) . Furthermore, the custom-developed software of the photorefractor was extended to provide the tones to be matched by the subjects through the speakers attached to the computer. Refractions were determined only in the vertical meridian with a sampling frequency of 80 Hz (Fig. 1, right) . Validity of eccentric photorefraction when compared to subjective refraction was previously found to be good with the 95 % limits of agreement ranging from +1.25 to À0.95 D (p = 0.678, t-test, two-tailed) in the monocular mode (Allen, Radhakrishnan, & O'Leary, 2003) .
During the first visit, individual calibration of the eccentric photorefractor was performed in order to reduce measurement errors to 0.25 D or less (Gekeler et al., 1997) . Room illuminance was dimmed down to approximately 2 lux to achieve pupil diameters of much more than 4 mm. The photorefractor's camera was placed in the midline between both eyes as suggested by Seidemann and Schaeffel (2003) . For individual calibration of the refractor, individual conversion factors were determined by using trial lenses (OCU-LUS Optikgeräte GmbH, Wetzlar, Germany) (Schaeffel et al., 1993) and the offset was individually defined and controlled by means of dynamic streak retinoscopy (Seidemann & Schaeffel, 2003) .
Training -procedures and recording
The training was performed during a second visit (for details, see Fig. 2 ) which was arranged at the latest one week after the first visit. The subject wore a trial spectacle frame (UB 4, OCULUS Optikgeräte GmbH, Wetzlar, Germany) with the measured correction for distance vision using trial lenses (OCULUS Optikgeräte GmbH, Wetzlar, Germany). Training was conducted under monocular viewing conditions: the left eye was covered by an infraredtransmitting filter that blocked visible light below 680 nm (RG695, SCHOTT AG, Mainz, Germany). Thereby, the subject was prevented from seeing with the left eye, but binocular measurements with the eccentric photorefractor were still possible. This arrangement was kept during the whole investigation. For the statistical and graphical analysis, only refractive data of the subjects' right eyes were used.
Measurements were taken while the subjects focused at distances of 2.0 D, 2.5 D, and 3.0 D. Baseline values for the accommodative response of each participant at each target distance were determined prior to the training. The OLED display with mean luminance of 50 cd/m 2 , aligned in the middle between both eyes, was used to display text with the font size equivalent to a visual acuity of Snellen 6/6 (20/20), using Sloan font (Pelli, Robson, & Wilkins, 1988) . This visual acuity demand requires adequate high resolution. Even though accommodation is controlled largely by the mid-spatial frequency content of the target, it was previously demonstrated that letter size had little influence on the precision of accommodation (Seidemann & Schaeffel, 2003) .
To present the accommodation stimuli at the three viewing distances, the OLED display was moved along an optical track. Subjects were asked to fixate the words with their right eyes. The three target distances were randomly tested. At each distance, the average accommodation was determined three times for a respective duration of 20 s during which the subject fixated the stimulus.
After the baseline measurements of the lag of accommodation, subjects were randomly assigned to two groups: (1) training of accommodative accuracy with biofeedback and (2) training of accommodative accuracy without biofeedback.
The same study protocol (see Fig. 2 ) was followed in the two groups. However, while group 1 received auditory feedback during the training session, group 2 did not. The training followed two different protocols, either continuous with a duration of 200 s (''long") or ten successive single training intervals of 20 s each (''short"). The stated duration is the time during which measurements were taken and during which the subjects were asked to fixate the target and adjust their amount of accommodation. The type of training (long or short) was performed in random sequence for each target distance. Each subject of both groups received both, the ''short" and the ''long" training and both at all three target distances. In case of the experimental group, the photorefractor provided a sound that continuously changed its frequency according to the subject's accommodation response. The software of the eccentric photorefractor therefore converted the measured refraction into a tone according to the linear function (1) sound frequency ½Hertz ¼ 1500 À absolute refraction ½D Ã 400 ð1Þ Accordingly, the pitch was higher the more the myopia measured. To provide long-lasting tones that facilitate distinction of the pitch differences, the mean of every 25 readings of the right eye's absolute refraction was used and constantly inserted into function (1). Thereby, the pitch was automatically adjusted every 25 measures. In alternation to the accommodation-controlled tone, a second tone was generated that encoded accommodation demand. The subjects' task was to match the two tones by controlling their accommodation tonus. In case the subjects over-accommodated, the biofeedback tone had a higher frequency than the target tone given by the photorefractor (given that the calibration was correct). Prior to the measurements, experimental subjects were provided with a familiarisation phase with the experimental set-up in order to get to know the frequency range of the biofeedback and target tone and to facilitate the distinction of both tones.
After training, a break of two minutes was enforced to relax the eyes. Subsequently, subjects were asked to generate the same amount of accommodation while they fixated the target during a 20-s measurement without biofeedback.
Since the control subjects did not receive any biofeedback or auditory signal, they were only asked to fixate the target as accurate as possible.
A subgroup of seven experimental subjects with significant training effects was invited for a further assessment five to seven days later to evaluate possible long-term effects. The subjects' accommodation response was measured without biofeedback in three readings of 20 s for each of the three distances.
Data analysis and statistics
Refraction data processing
Data were filtered for blink artefacts using a function written in Matlab Version R2015a (The Mathworks GmbH, Ismaning, Germany). In case of a blink, the pupil could not be tracked completely by the photorefractor. Therefore, only data in which pupil size was within the range of ±1 standard deviation were included.
Threshold for effective training results
Considering the accommodation microfluctuations in the range of 0.2 D (Stark & Atchison, 1997; Winn, Charman, Pugh, Heron, & Eadie, 1989) as well as minor diurnal variability in refractive error based on axial length changes (Chakraborty, Read, & Collins, 2011) , the value 0.3 D was set as cut-off for the existence of a training effect. A change of this amount was thought to not rely on the mentioned fluctuations. 
Statistical analysis
Statistical analysis was undertaken using IBM SPSS Statistics 22 software (IBM Deutschland GmbH, Ehningen, Germany). A threefactor univariate analysis of variance (ANOVA) on gain scores was applied to evaluate the change of accommodation responses before and after training. The analysis included the accommodation change from pre-to post-training values as the dependent variable and the factors group membership (experimental or control group), target distance (2.0, 2.5, 3.0 D), and training method (''long" or ''short").
Results
Accommodation responses before biofeedback training
The average lag of accommodation at the three accommodative demands of 3.0 D, 2.5 D, and 2.0 D before training were À0.55 ± 0.42 D, À0.56 ± 0.34 D, À0.43 ± 0.26 D, respectively, for the experimental group, and À0.63 ± 0.32 D, À0.53 ± 0.25 D, À0.46 ± 0.18 D, respectively for the control group (Fig. 3) . Twofactor univariate ANOVA revealed that there was no significant difference in the baseline accommodative lag between both groups for either of the three target distances (F 2,180 = 0.649, p = 0.524).
Lag of accommodation increased with the accommodative demand, with the correlation being significant for the control group (by 0.18 D per D of accommodation, R = À0.993, p = 0.037, Pearson, one-sided), but the correlation was not significant for the experimental group (by 0.12 D per D of accommodation, R = À0.810, p = 0.199, Pearson, one-sided).
Comparison of experimental and control group
The experimental and the control group did not differ in their average refractive errors (two-sample t-test, t 60 = 0.104, p = 0.917, two-sided). The mean spherical equivalent of the experimental group was À2.05 D (range À3.75 D to À0.75 D), that of the control group À2.08 D (range À4.00 D to À0.63 D).
3.2.1. Change in accommodative lag in both groups due to the training Table 1 shows the lag of accommodation in the experimental and the control group before and after training, separately for all three target distances. The baseline lag of accommodation is compared to the amount of the lag after short and long training (mean ± SD, respectively).
The training effects are apparent in Fig. 4 as the differences in the lags of accommodation before and after training (D lag of accommodation = ''pre_lag"-''post_lag"). Negative values reflect a reduction in the lag of accommodation and an improvement in accommodation accuracy. Table 1 and Fig. 4 show that training had a greater effect for larger accommodative demands. No training effect was detectable at all for the 2.0 D target distance. Accommodation improved at the 3.0 D target distance, with a larger effect in the experimental than in the control group, and the long training method being more effective than the short method. The change (D lag of accommodation) for the experimental group was À0.12 D after the short and À0.16 D after the long training, whereas the amounts for the control group were À0.03 D and À0.09 D, respectively.
A three-factor univariate ANOVA on gain scores with the factors group membership, target distance, and training method revealed that the accommodation measurements before and after training differed significantly (F 1,174 = 5.166, p = 0.024). A significant difference between the accommodative changes of the experimental and the control group was observed (F 1,174 = 7.151, p = 0.008). Graphical analysis of the measurements showed that regarding target distance 2.5 D, accommodative accuracy improved in the majority of the subjects of the experimental group, both with the short and longer training periods. In contrast, the accommodative lags of control subjects were rather enlarged after training. It is striking that at the 2.5 D target distance, the lag of accommodation before and after training was highly correlated in both study groups (p < 0.001 in all cases). This analysis is based on the assumption that accommodation behaviour follows fixed patterns in each subject and that training only contributed towards a small change.
Effects of the training method and accommodative demand
The univariate ANOVA revealed additionally that there was no significant difference between the two training methods (F 1,174 = 1.049, p = 0.307), neither did the accommodative changes vary as a function of training method and group (F 1,174 = 0.199, p = 0.656). The factors training method and group membership did therefore not have a combined influence on the accommodative change.
Nevertheless, the change in accommodative lag from the pre-to the post-training values significantly depended on the target distance (F 2,174 = 7.254, p = 0.001). The change in accommodation did also significantly vary as a function of distance and group membership (F 2,174 = 3.164, p = 0.045). However, no interaction of target distance and training method was revealed ( Only regarding the short training method, a repeated measures ANOVA with the within-subject factor time (10 levels) and the between-subject factors group membership and target distance demonstrated no significant differences between the ten successive measurements (F 4.772,410 .352 = 1.124, p = 0.347; GreenhouseGeisser correction). Additionally, no influence of the group (experimental or control) was revealed (F 4.772,410.352 = 0.557, p = 0.725; Greenhouse-Geisser correction), nor a dependence on group membership and target distance (F 9.543,410.352 = 0.721, p = 0.698; Greenhouse-Geisser correction).
Separate analysis of the experimental and control group
The separate analysis of the two study groups within the univariate ANOVA showed that for the experimental group, the accommodation response changed significantly from pre-to post-training (F 1,84 = 10.473, p = 0.002). The change was significantly dependent on the target distance (F 2,84 = 5.895, p = 0.004), but not on the training method (F 1,84 = 0.143, p = 0.706). Analysis of the control group also revealed that the training effect was significantly influenced by the target distance (F 2,90 = 4.160, p = 0.019) and not by the training method (F 1,90 = 1.275, p = 0.262). Fig. 4 illustrates that at a target distance of 2.5 D, the treated subjects reduced their lag after training, whereas the control group enlarged the same, resulting in significant effects, respectively.
Regarding the experimental group, the question arises whether the changes in accommodation during the replay of the feedback differed depending on the training method (long or short). The accommodative data during the training sessions with feedback were therefore analysed, taking the mean accommodative lag of the ten 20-s measurements as well as the mean lag of the 200-s measurement of each individual, respectively. The two-factor univariate ANOVA on gain scores showed a significant difference between the baseline measurement and the measurement during the training (F 1,84 = 4.246, p = 0.042). No significant difference in accommodation as a function of the method was revealed (F 1,84 = 0.009, p = 0.926). There was no significant interaction of training method and target distance either (F 2,84 = 0.261, p = 0.771).
Separate analysis of subjects with large training effects
For seven out of the 15 subjects of the experimental group, a reduction of the lag of accommodation of at least 0.3 D was measured for the accommodative demands of either 3.0 D or 2.5 D, or both. Two subjects achieved this reduction at a target distance of 2.5 D, four subjects at target distance of 3.0 D and one subject reduced the lag at both of these target distances.
Regarding measurements of these seven experimental subjects, pre-and post-training accommodation differed significantly (univariate ANOVA on gain scores: F 1,36 = 31.393, p < 0.001). The changes in accommodation were significantly influenced by the target distance (F 2,36 = 3.722, p = 0.034). Post-hoc analysis revealed the training at the 3.0 D target distance to be significantly more effective than at the 2.0 D distance (p = 0.029, Bonferroni). However, no significant interaction with the training method was found (F 1,36 = 0.001, p = 0.976), neither an interaction of method of training and target distance (F 2,36 = 0.253, p = 0.777).
Training effects in the seven responsive subjects and the remaining eight subjects with little change are illustrated in Fig. 5 .
In addition, in one control subject the lag of accommodation was reduced by 0.3 D or more at target distances of 2.0 D and 3.0 D. In a second control subject, accommodative lag was reduced at a target distance of 3.0 D.
Furthermore, one experimental subject who had shown a lead of accommodation in the range of 0.12 to 0.29 D at all three target distances in the baseline measurements reduced this overaccommodation as a consequence of the training. A second experimental subject developed over-accommodation in the course of the training at the 3.0 D distance (0.28-0.48 D). None of the control subjects revealed over-accommodation in the baseline measurements. However, one control subject over-accommodated at the 3.0 D distance after the training (0.14-0.19 D).
Long-term effects of the training
Participants of the experimental group with training effects of 0.3 D or more were invited for a third measurement after five to seven days. Comparisons of the mean lag of accommodation before and after the training, and during the third measurement are shown in Table 2 . Regarding the averaged data at the target distance of 3.0 D, the accommodative lag was reduced by À0.29 D after the long training and by À0.24 D after the short training, whereas averaged reductions in the accommodative lag were less at the distances 2.5 and 2.0 D.
Individual data and their averages from the seven subjects with large training effects are shown in Fig. 6 . On the individual basis, reductions of the accommodative lag of P0.3 D were achieved at either 2.5 D or 3.0 D or at both of these target distances. As can be seen from Table 2 and Fig. 6 , the change in the lag of accommodation varied across the subjects, with different changes for the three target distances. Analysis of the average change revealed only for the 3.0 D target distance a reduction of the accommodative lag of 0.3 D.
While subjects 3 and 4 did not retain the benefit from training after 5-7 days (Fig. 6) , subject 2, 6, and 7 accomplished retention. Subject 7 was most successfully trained (D pre-control = À0.60 D for a 3.0 D target distance). Subjects 1, 2, 5, 6, and 7 were able to maintain a reduced lag of accommodation compared to their baseline lag after 5-7 days. However, averaging over the data from these seven subjects (Fig. 6 , bottom right, Table 2) revealed that the average training effect cannot be preserved over a period of 5-7 days.
Discussion
The goal of the current study was to evaluate whether the accommodative lag in myopic subjects can be reduced when the accuracy of accommodation is trained using auditory biofeedback.
Controlling accommodation voluntarily
Although accommodation is regulated by the autonomic nervous system, there is some voluntary input as well (Cornsweet & Crane, 1973; Provine & Enoch, 1975; Randle, 1988) . In contrast to previous studies dealing with that voluntary input (Angi et al., 1996; Gallaway et al., 1987; Koslowe et al., 1991; Randle, 1988; Trachtman, 1978 Trachtman, , 1987 , the current study attempted to reduce the lag of accommodation by biofeedback techniques, rather than further relaxing accommodation. 
Table 2
Numeric data of accommodative changes of subgroup. Change in lag of accommodation in experimental subjects with highest reductions in the lag of accommodation (n = 7, mean lag of accommodation ± SD). in accommodation had no effect on the quality of the retinal image. The subjects' task was to create a match between their biofeedback tone and an arbitrary target tone (Cornsweet & Crane, 1973) . Trachtman and colleagues also aimed to open the feedback loops of the accommodative response including convergence, pupil, and visual stimuli by taking measurements under dark-room conditions and using a pinhole aperture (Trachtman, 1978 (Trachtman, , 1987 Trachtman et al., 1981) . The present study intended to improve the subject's accommodative precision while they looked at a target in a predetermined distance without applying a pinhole aperture. The accommodative system thereby worked in the closedloop condition. Due to the dimmed luminance conditions, the depth of focus might be decreased, forcing the accommodation system to work more precisely than under photopic conditions or when an aperture was used. The purpose was to remove the physiological limitation to achieve an effect of the intervention. However, the smallest depth of focus would probably be reached at smaller pupil sizes as with larger pupils, the amount of higher order aberrations is increased, leading to an increased depth of focus (Campbell & Gubisch, 1966) . The depth of focus was previously found to be insensitive to pupil sizes >4 mm (Tucker & Charman, 1975) .
Variability of training effects
The individual training was more effective for the closer viewing distances used in the study. Perhaps, subjects could perceive changes in their accommodative response and accordingly in the biofeedback tone's frequency more easily at closer distances, as the respective baseline lag was also larger. At distances in which the lag has already been smaller at the outset, this distinction might have been more difficult. For instance, the biofeedback tone varied from 2420 Hz to 2500 Hz for an improvement of accommodation from À2.3 to À2.5 D. These differences in sound frequency could have been too small to be detected. However, this explanation appears unlikely as the human ear provides the greatest sensitivity in the area of 2-4 kHz (Heffner & Heffner, 2007 ) with a relative difference limen for frequency of 0.7 % (14-28 Hz for 2-4 kHz frequency) (Zwicker, 1982) . The sensory performance should therefore not have limited the training. A possible shortcoming could have derived from the linear function that was used to continuously produce the biofeedback tone. A logarithmic function might have been more beneficial in reproducing the logarithmic frequency scale (McDermott & Oxenham, 2008) .
One experimental subject reached a maximal effect of biofeedback training on the lag of accommodation of 0.6 D. However, the training effects varied considerably among the subjects, and some did not respond at all. It is well known that accommodation behaviour is highly variable but typical for each subject (Schaeffel et al., 1993) . Given the variability in the present results even between subjects of the experimental group as well as the observed small training effect, further research is needed in order to investigate whether biofeedback might be applied to train the accommodative accuracy and to evaluate a possible implementation as treatment for the control of myopia progression.
What do subjects benefitting from the training have in common?
The question arises as to whether the seven participants with the best training effects had something in common. They did not exhibit significant differences in their baseline lag of accommodation compared to the other participants of the experimental group for either of the three distances (F 1,13 = 0.731, p = 0.408; F 1,13 = 0.944, p = 0.349; F 1,13 = 2.374, p = 0.147, for 3.0 D, 2.5 D, and 2.0 D target distance, respectively). In five of the subjects, the right eye was the dominant eye, which matches the distribution in the entire sample (67.7% right eye, 32.3% left eye). The mean refractive error of this subgroup (mean spherical equivalent À2.0 ± 0.65 D) was also not different from the total sample. Since accommodation can be voluntarily elicited by forced convergence, it could have been that the subjects had used this trick. However, convergence angle of these seven participants remained stable throughout the training, with D trainingbaseline = 0.0045 ± 0.050°(maximum 0.111°, minimum À0.057°).
Implications regarding future investigations
With respect to future studies, greater effects of the biofeedback training might be found with accommodative demands >3.0 D. A training success at these close distances might lead to a change of accommodation behaviour in regular near-vision activities in the form of a generalisation (Trachtman, 1978 (Trachtman, , 1987 Trachtman et al., 1981) . The training method itself (short or long) does not influence the outcome and can be chosen as the case may be. An extension of the training to binocular measurements is conceivable, however baseline lags might a priori be smaller due to convergence. The production of the biofeedback tone should be realised using a logarithmic function rather than the implemented linear function. Special emphasis should be placed on the evaluation of the properties of subjects for whom an effect can be measured. A prior classification of subjects in stable and progressing as well as in early-and late-onset myopes might be appropriate. Pre-screening subjects to only include those with large baseline lags of accommodation also seems to be an interesting approach. Taking into account the fact that one experimental subject was able to abandon the over-accommodation, it might be interesting to investigate whether the approach described herein could be implemented to reduce tonic accommodation during distance vision (Ohlendorf et al., 2015) .
It is hypothesised with some contrary findings (Gwiazda et al., 2005; Koomson et al., 2016; Mutti et al., 2006; Rosenfield et al., 2002) , that a large accommodative lag, producing large defocus, might lead to axial elongation and myopia. Definition of a ''large" lag of accommodation varies among studies: Berntsen et al. for example defined a lag of P1.30 D to a 4-D Badal letter stimulus as ''large" (Berntsen, Mutti, & Zadnik, 2010; Berntsen, Sinnott, Mutti, & Zadnik, 2012) , whereas Hasebe and colleagues rated accommodative lags of P1.8 D for a target distance of 4.7 or 3.1 D as ''larger" lags (Hasebe et al., 2008) . However, Gwiazda et al. called accommodative lags of already P0.43 D for the 3.0 D target distance as ''larger" lags, based on a median split by number of measured children (Gwiazda et al., 2004) . A smaller lag of accommodation would impose less hyperopic defocus to the retina (Phillips, 2005) . This type of defocus is known to stimulate eye growth in animal models (Hung et al., 1995; Schaeffel et al., 1988) . A decreased accommodative lag could therefore antagonise the axial elongation and might have a positive influence on onset as well as progression of myopia.
Conclusion
The present randomised controlled study aimed to evaluate the potential of auditory biofeedback training to improve the accuracy of accommodation in myopic young adults. A reduction of the accommodative lag could lead to a slowdown of myopia progression (Gwiazda et al., 2003 (Gwiazda et al., , 2004 Hasebe et al., 2008) .
It remains unclear which neural mechanism(s) are used to improve accommodation by training, but the present results reveal that some subjects benefit from training the accommodative accuracy using auditory biofeedback at target distances P2.5 D.
